used for all experiments. All DNA samples were purchased from Integrated DNA Technologies (Coralville, IA) and purified by high performance liquid chromatography (HPLC). The DNA sequences and modifications are listed in Table S1 .
Probe preparation for real-time HER2 sensor
To prepare DNA probes for the detection of HER2, we mixed 25 µL of 2.5 µM biotinylated probe TB or probe B*C with equal volume of 2.5 µM streptavidin and then incubated the solution at 37 °C for 30 min, followed by incubation at 25 °C for another 30 min. To this reaction mixture, 50 µL of 1.25 µM biotinylated HER2 polyclonal antibodies was then added. The solution was incubated at 25 °C for 30 min. The prepared DNA probe was then diluted to 250 nM with a solution containing 1 × PBS, 0.01% BSA, and 1 mM biotin. A pair of isotype control (I.C.) probes was also prepared the same way as for the HER2 sensor, except that nonspecific polyclonal normal goat IgG antibodies were used instead of HER2 specific antibodies. Reporter DNA duplex (T*C*:C) was prepared at a final concentration of 5 µM by mixing 20 µL of 50 µM FAM-labeled T*C* with 20 µL of 50 µM dark quencher-labeled C in 160 µL of PBS-Mg buffer (1 × PBS, 10 mM MgCl 2 , 0.05% Tween20). The mixture was heated to 90 °C for 5 min and then the solution was allowed to cool down slowly to 25 °C in a period of 3 h.
Real-time detection of recombinant HER2 in buffer
For the real-time detection of HER2 in buffer, the reaction mixture contained 10 nM antibody-modified TB, 10 nM antibody-modified B*C, 20 nM reporter duplex T*C*:C, 10 nM target HER2, and PBS-Mg buffer. Once mixing HER2 with all sensor components, fluorescence was measured every 5 min for 50 min. Fluorescence was measured directly from the microplate using a multimode microplate reader (SpectraMax i3, Molecular Devices). The excitation was 485 nm and emission was 535 nm. The measured fluorescent signal was normalized so that 1 normalized unit (n. u.) of fluorescence corresponded to the fluorescent signal generated by 1 nM positive control TC. This normalization was achieved using a positive control containing 10 nM TC and 20 nM T*C*:C in PBS-Mg buffer and a negative control containing identical reagents in positive control except that there was no TC added.
Cell culture and fixation
The human breast adenocarcinoma cell line SK-BR-3, was obtained from ATCC (Manassas, VA) and cultured in McCoy's 5A medium (ATCC) plus 10% FBS and 1% penicillin/streptomycin (100 U/100 µg/ml) at 37 °C in a humidified atmosphere of 5% were fixed using 4% paraformaldehyde for 30 min and permeabilized at room temperature for 10 min using 0.05% Tween20 in PBS (PBST) buffer. After a brief wash using PBST buffer, cells were stored in PBST buffer containing 1% BSA at 4 °C.
Cell imaging using HER2 DNA sensor and confocal fluorescence microscopy
To image cellular HER2 using our strategy, fixed SK-BR-3 cells were incubated with a reaction mixture containing 25 nM antibody modified DNA probes TB and B*C, 50 nM reporter duplex T*C*:C, 100 nM DAPI. After adding all sensor components, cells were directly observed under confocal fluorescence microscope without any washing steps. Live cell analysis using HER2 DNA sensor and flow cytometry
To detect HER2 from live SK-BR-3 cells using HER2 DNA sensor, cells that were cultured to 90% confluence were detached from culture dish using 1× trypsin and diluted to 10 6 cells/ml in PBS-Mg buffer containing 25 nM probe TB, 25 nM probe B*C, 50 nM reporter T*C*:C, and 1% FBS. After incubation for 15 min, cells were analyzed using BD LSRFortessa digital flow cytometer at a rate of 5000 cells/sec. Data analysis was performed using FlowJo 7.6. All DNA sequences are rationally designed and melting temperatures T m of the designed DNA probes were estimated using OligoAnalyzer (free software from IDT). Generally, the fluorogenic beacon (T*C*:C) is designed as a DNA duplex containing a short sticky end (DNA toehold). The duplex part is designed to have a melting temperature T m = 55 °C, so that it will form a stably DNA duplex at all assay and imaging conditions (room temperature or 37 °C). The DNA toehold is designed to be 9 nt long, because it has been well established that this length is long enough to maximize the kinetics of a toeholdmediated DNA strand displacement reaction between T*C*:C and TC ( Figure S1A and S1B). 
